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METHOn FOR QQATTMira PARTTrr.Bg 
FTFTJD OP THE TNVP!MTTn* T 

The present invention relates to a method for coat- 
ing particles with a metal compound. 

B&CKGROT1ND OP TTTR rNVENTTO^ 



. It is known that chemically or physically instable 
particles are coated with a metal compound, for example 
by a sol-gel procedure, a chemical vapor deposition (CVD) 
procedure, or a spray pyrolysis procedure. 

According to the sol -gel procedure, particles are 
dispersed in a hydroxide sol which is produced by hydro- 
lyzing a metal salt or a metal alkoxide; the hydroxide 
sol containing the particles are dehydrated to give a gel 
containing the particles,- and the gel containing the par- 
ticles is heated to dryness and further heated until the 
20 gel decomposes. Thus, particles coated with a metal 

oxide is obtained. The sol-gel procedure, however, has a 
problem in that it cannot form a metal oxide coat of a 
satisfactory thickness. 

CVD procedure also has a problem in that preparation 
of an apparatus for performing the CVD procedure requires 
a large cost and therefore the cost for preparing the 
coated particles is high. 

JP-A-2002-180041 describes phosphor particles com- 
,n 001:63 ° f ^"P^^rous inorganic material coat- 

30 ed with a phosphor material. This publication discloses 
a process for coating the inorganic material cores with a 
phosphor material by preparing a mixture of the core par- 
ticles and a starting material of the phosphor material 
m a solid phase and firing the mixture, or by mixing an 
aqueous dispersion of the core particles with an aqueous 
solutxon of a starting material of the phosphor material 



adding a precipitating agent to the resulting mixture to 
coat the core particles with a phosphor precursor , and 
drying and firing the coated core particles . 

W095/29379 describes a process for preparing a com- 
plex oxide (its precursor or crystal) which corrprises the 
steps of preparing a mixture of a metal nitrate or its 
solution with urea or carbohydrazide and heating the 
mixture under non- firing conditions to give a complex 
oxide precursor, and then firing the complex oxide pre- 
cursor. According to this process, a metal nitrate and 
urea are heated to give a uniform molten mixture and the 
• mixture then decomposes by further heating to give the 
complex oxide. 

Accordingly, it is an object of the present inven- 
tion to provide a new method for coating particles with a 
metal compound. 

Specifically, the object of the invention is to pro- 
vide a method for preparing particles coated with a metal 
conpound of a large thickness at a low cost. 

SUMMARY OF THE INVENTION 

The inventors of the present invention have discov- 
ered that inorganic core particles can be coated with a 
metal conpound (e.g., a metal oxide) by the steps of 
preparing a dispersion of the core particles in a molten 
organic material (which takes a solid form at 25°C, is 
converted into a polar liquid by heating, and decomposes 
by further heating, e.g., urea or carbohydrazide) con- 
taining a metal salt (e.g., a metal nitrate), and heating 
the dispersion to decompose the organic material. 

The inventors further have discovered that inorganic 
core particles can be coated with a metal compound (e.g., 
a metal oxide) by the steps of preparing a mixture of a 
metal salt and the organic material, heating the mixture 
to produce a metal conpound precursor (which is converted 
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from the metal salt) dispersed in a modified organic 
material, mixing the core particles with the metal com- 
pound precursor dispersed in the denatured organic mate- 
rial, and heating the resulting mixture to decompose the 
denatured organic material. 

Accordingly, from the first aspect, the present in- 
vention resides in a first method for coating inorganic 
particles with a metal compound comprising the steps of: 
preparing a dispersion which comprises a metal salt 
and inorganic particles in a molten organic material 
which takes a solid form at 25°C, is converted into a 
polar liquid by heating, and decomposes by further heat- 
ing,- 

and 

heating the dispersion, whereby coating the inorgan- 
ic particles with a metal compound which is converted 
from the metal salt. 

According to the first method of the invention, the. 
desired coated particles having a thick metal oxide coat- 
ing layer can be easily prepared. 

^ Further, from the second aspect, the invention re- 
sides m a second method for coating inorganic particles 
wxth a metal compound comprising the steps of: 

preparing a first mixture which comprises a metal 
salt and an organic material which takes a solid form at 
25°C, is converted into a polar liquid by heating, and 
decomposes by further heating,- 

heating the first mixture to produce a precursor of 
the metal compound dispersed in a denatured organic mate- " 
rial, the precursor being converted from the metal salt; 

preparing a second mixture of the inorganic parti-' 
cles and the precursor dispersed in the denatured organic 
material,- 3 

and 

heating the second mixture, whereby coating the 
inorganic particles with a metal compound which is con- 



verted from the precursor. 

According to the second method of the invention 
inorganic core particles (e.g., Si0 2 particles) which nay 
be soluble in the employed molten organic material can be 
easily coated with a thick metal oxide coating layer. 
Further, the second method can effectively keep ammonia- 
sensitive core particles (e.g., BaTiq, particles) from a 
reaction with ammonia produced from the molten organic 
material such as urea. Further, particles comprising a 
silicate can be produced from core particles comprising 
Si02 and a shell material comprising a metal oxide. 

Furthermore, the invention resides in the coated 
inorganic particles prepared by the above-mentioned meth- 
ods of the invention. 

ihe first and second methods of the invention are 
favorably employable for preparing a coated inorganic 
particle in which one of the core inorganic particle and 
the coated layer is made of a phosphor material and an- 
other is made of a dielectric material or an 
electroconductive material. Thus coated inorganic parti- 
cle containing a phosphor material is favorably employed 
for manufacturing an electroluminescence (EL) display 
element, a field emission display (FED) element, and a 
plasma display panel (PDP) which utilize phosphor parti- 
cles. "" " 



mXBF DESCR I PTTOTJ nw DRAHBgjg 

Each of Figs. 1 and 2 is an electron micrograph (x 
2,000 for Fig. i, and x5,000 for Fig. 2) of coated parti- 
cles (core material: ZnS:Mh 2+ , metal compound coat: Y 2 0,) 
prepared by the first method of the invention in which 
the heating procedure was carried out by increasing the 
temperature at a rate of 5°C/min. up to 450°C. 

Each of Figs. 3 and 4 is an electron micrograph (x 
2,000 for Fig. 3, and x5,000 for Fig. 4) of coated parti- 



cles (core material : ZnS:Mn 2+ , metal compound coat: Y 2 0 3 ) 
prepared by the first method of the invention in which 
the heating procedure was carried out by increasing the 
terrperature at a rate of l°C/min. up to 450°C. 

Each of Figs. 5 and 6 is an electron micrograph (x 
2,000 for Fig. 5, and x5,000 for Fig. 6) of the core par 
tides (core material: ZnS:Mn 2+ , CRT grade) having no 
coat* 

Each of Figs, 7 and 8 is an electron micrograph (x 
2 # 000 for Fig. 7, and x5,000 for Fig. 8) of core parti- 
cles (core material: ZnS:Mn 2+ ) having no coat which were 
treated by dispersing in molten urea, heating and firing 

Fig, 9 is a fluorescence spectrum of coated parti- 
cles (core material: ZnS:Mn 2+ phosphor, coat material: Y 2 < 
dielectric material) which was prepared from core parti- 
cles of ZnS:Mn 2+ phosphor and yttrium nitrate (for the 
formation of the metal compound coat) . 

Fig. 10 is a fluorescence spectrum of coated parti- 
cles which were prepared from core particles of ZnS, yt- 
trium nitrate, and a dopant of manganese acetate. 

Each of Figs. 11 to 22 is a schematic section indi- 
cating a constitution of the dispersion EL device accord- 
ing to the invention. 

Each of Fig. 23 and Fig. 24 is a schematic section 
indicating a constitution of the multi-color displaying 
dispersion EL device according to the invention* 

Fig. 25 is a graph indicating a light -extraction 
efficiency from a parallel plane. 

DETAILED DESCRIPTION OF THE INVENTION 

In the method of the present invention, the pre- 
ferred embodiments are described below. 

(1) The organic material is urea and/or carbo- 
hydrazide. 

(2) The metal salt is selected from the group con- 
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sisting of metal nitrates, metal sulfates, and metal 
acetates . 

(3) The inorganic particles have a mean particle 
size in the range of 10 nm to 100 #m. 
5 (4) The inorganic particles comprise an inorganic 

phosphor or an activated inorganic phosphor. 

(5) The inorganic particles comprises a dielectric 
material or an electroconductive material. 

(6) The metal compound is a phosphor or an activat- 
10 ed phosphor. 

(7) The inorganic particles comprises an inorganic 
dielectric material and the metal compound is a phosphor 
or an activated phosphor. 

(8) The inorganic particles comprise a dielectric 

15 material and are coated with a phosphor or an activated 

phosphor and the outer metal compound is a dielectric 
material . 

(9) The metal compound is selected from the group 
consisting of metal oxides, metal nitrides, metal oxy- 

20 nitrides, metal sulfides, and/or metal oxysulfides. 

(10) The dispersion of the first method contains a 
dopant. 

(11) The heating of the second step of the first 
method or the second step of the second method is per- 

25 formed at a temperature of 150 to 450°C. 

(12) The heating of the second step of the first 
method or the fourth step of the second method is per- 
formed at a temperature of 150 to 1,500°C. 

(13) The heating of the second step of the first 

30 method or the fourth step of the second method is contin- 
ued until the organic material decomposes. 

(14) The heating of the second step of the first 
method or the fourth step of the second method is contin- 
ued until the organic material decomposes and further 

35 continued to a tenperature of 700 to 1,500°C. 

(15) The first mixture of the second method contains 
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a dopant, or the dopant is incorporated into the second 
mixture of the second method. 

(16) The metal compound coated around the inorganic 
particles has a thickness in the range of 1 nm to 10 fim. 

5 ... 

In the first place, the first coating method of the 
invention is described below by referring to the case in 
which urea is employed as the organic material. 

10 [Preparation of dispersion] 

First, molten urea in which a metal salt is dis- 
solved is prepared, and the inorganic particles are dis- 
persed in the molten urea containing the metal salt. 

The material of the inorganic particles employed in 
the first method is selected from inorganic materials 
that are not soluble in the molten urea and do not react 
with urea in the heating steps. Examples of the inorgan- 
ic materials include Al aQj , ZnO, YA, m^, SnQ 2 , HfO,, 
1*1,0, (in is a rare earth element) , Ta^, CaAl 2 0 4 , CaW0 4 , . 
SrAl 2 0 4/ SrTiO,, BaTi0 3 , ZnGa 2 0 4 , YAG^^O,,) , ALQN, YV0 4 
YTa0 4 Zn.SiO,, BaAl 12 0 19 , BaMgAl 10 O 17 , BaMfcfeAl^, BaTa 2 0 6 ,' 
SrAl 2 0 4 , Sr^O,,, Sr.MgSi^, Bi^CW G^SiOt, Zn 3 (P0 4 ) 2 , 
IaP0«, (Y,Gd)B03, InBO,, ZnS, cas, S rS, MoS 2 , WS 2 , CaGa 2 S 4 , 
SrG a2 S 4 , BaAl 2 S 4 , Gd 2 0 2 S, AIM, S i 3 N 4 , GaN, InN, GaSiN 4 
Bu.SisNe, BaAl ll0l6 N, Csl, BaFBr, LaOBr, GMPO^Cl, and 
graphite. These materials can contain a small amount of a 
metal ion or metal ions which can serve as activator (s) 
The inorganic particles can be phosphor particles 
dielectric material particles, electroconductive material 
particles, or particles of material which shows a high 
absorption for radiation such as X rays or electron rays 
An activated phosphor particles can be prepared by em- 
ploying particles of matrix component, placing a dopant 
(activator) in the molten urea, and incorporating the 
dopant into the particles of matrix component in the 
course of placing a coating layer around the particles 
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The core particles can comprise particles of the same 
size and/or same material* Otherwise, the core particles 
can corcprise two or more kinds of particles of different 
sizes and/or different materials. 
5 The molten urea effectively disturbs agglomeration 

of fine inorganic particles- Accordingly, the inorganic 
particles can have an optional shape, size, and particle 
distribution* For example, the inorganic particles can 
be globular particles, plates, cubic particles , polyhe- 

10 dral particles, or pulverized inorganic particles having 
irregular shapes. The inorganic particles generally have 
a mean particle size in the range of 10 nm to 100 fm, 
preferably 30 nm to 30 /xnu 

The metal salt which is the starting compound of the 

15 metal compound coating layer is selected from metal salts 
which do not react with urea and material of the inorg- 
anic particles/ and the resulting metal compound is easi- 
ly placed on the surfaces of the inorganic particles. 
Examples of the metal components include alkali 

20 metals (e.g., Li, Na, K) , alkaline earth metals (e*g w 
Mg, Ca, Sr, Ba) , B, Al, Si, Sc, Ti, Gr, Fe, Co, Ni, Cu, 
Zn, Ga, Y, Zr, Nb, Ag, Cd, In, Sn, Hg, Pb, and rare earth 
elements (e.g., Ce, Pr, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu) * 
Exartples of the metal salts include nitrates, sul- 

25 fates and acetates. Preferred are nitrates and acetates, 
and more preferred are nitrates. If the metal is boron, 
it can be used in the form of a boric acid. The metal 
and metal salt can be employed singly or in combination* 
The urea and metal salt are placed in a reaction 

30 vessel such as a separable flask and heated to a tempera- 
ture higher than the melting point of urea (135°C) so as 
to produce a molten urea containing the metal salt. 
Since the molten urea is a polar liquid, the metal salt 
is soluble in the molten urea. If carbohydrazide is em- 

35 ployed in place of urea, carbohydrazide and metal salt 

are heated to a temperature higher than the melting point 
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of carbohydrazide (152°C) . The urea and metal salt can be 
utilized in an optional ratio depending on the nature, and. 
amount of the core particles, a coating amount, and na- 
ture of the metal (such as coordination valency of the 
5 metal) - However, a molar ratio of urea/metal salt pref- 
erably is 1/1 or more so that a uniform molten urea can 
be smoothly obtained. 

A small amount of an additive such as a dopant can 
be incorporated into the molten urea. The dopant can be 

10 an ion of Ma, Cu, Zn, Al, Tl, or a rare earth element 
(e.g., Ce, Pr, Nd, Eu, Gd, Tb, Bu, Tm) . The metal ion 
dopant can be incorporated into the molten area in the 
form of a nitrate, a sulfate or an acetate- The dopant 
is incorporated into the coating metal compound or the 

15 inorganic core particles in the following heating step 

and activates the material contained in the coating layer 
and the core particles. If the core material or the 
coating compound is a phosphor matrix component, the 
dopant activates the matrix consonant - 

20 The molten urea can contain a small amount of an 

organic additive such as saccharose/ so that the coating 
material (metal compound) in the molten urea can easily 
adhere to the surface of the core particle and form a 
well formed coat on the core particle . 

25 In the molten urea, the inorganic core particles are 

placed and dispersed uniformly. The amount of the core 
particles can be optionally selected* A molar ratio of 
the core particles/metal salt generally is in the range 
of 10 */i to 1/10 • 
• 30 The inorganic core particles can be placed in the 

preparation of a mixture of urea and a metal salt, oth- 
erwise, the metal salt and inorganic core particles can 
be incorporated into molten urea. 

The organic material can be other than urea and 

35 carbohydrazide, so long as the organic material takes a 
solid form at 25°C, is converted into a polar liquid by 
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heating, and decomposes by further heating. For exanple, 
other urea derivatives can be employed. 

[Heating step] 

5 A dispersion of inorganic core particles in the 

molten urea containing a metal salt is then heated to a 
temperature higher than the melting point of urea but 
lower than the temperature at which the resulting metal 
compound sinters* 

10 The heating temperature generally is in the range of 

ISO to 450°C. The heating period generally is in the 
range of 10 min. to 24 hrs. The temperature can be kept 
constant or gradually increased during the heating step. 
The heating procedure can be performed under oxidative 

15 atmosphere (such as atmospheric condition) , neutral atmo- 
sphere (such as in N 2 gas or Ar gas) , or vacuum condition. 

In the heating step, a part or whole of the molten 
urea decomposes to give a combustible gas which escapes 
from the reaction mixture, and the metal salt also decom- 

20 poses to give a metal compound such as oxide, nitride, 

oxynitride, sulfide, or oxysulfide which is coated around 
the dispersed core particles . 

The heating step can be performed in the range of 
150 to 1,500°C* If the heating is performed at a higher 

25 temperature/ decomposed materials other than the metal 

compound easily escapes from the reaction mixture and the 
metal compound deposited on the core particle easily 
crystallizes. 

The surface-coated core particles obtained in the 

30 heating step can be pulverized, dispersed, and/or sieved, 
if necessary. 

Thus, inorganic particles coated with a metal com- 
pound such as oxide, nitride, oxynitride, sulfide, or 
oxysulfide are obtained. The coated metal compound may 

35 be an amorphous compound, a partly crystallized compound, 
or a fully crystallized compound depending on the heating 
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condition. The particles coated with the amorphous com- 
pound or partly crystallized compound may be coated pre- 
cursor particles which further can be heated to give a 
fully crystallized coating compound. 

5 

[Firing step] 

The inorganic particles coated with a metal compound 
which are obtained in the above-mentioned heating step 
are preferably further heated for firing, by the follow- 

10 ing procedures. 

The coated particles are placed in a heat-resistant 
vessel such as quartz boat, alumina crucible/ or quartz 
crucible and fired in an electric furnace. The firing is 
performed generally at a temperature of 700 to 1,500°C, 

15 preferably 700 to 1, 300*0. The firing temperature may 
vary depending an the nature of the coated particles. 
The heating period generally is in the range of 10 min* 
to 100 hrs. The heating period may vary depending on the 
firing conditions and the nature of the coating compound. 

20 if the metal compound is a metal oxide, the firing is 
performed under reductive condition which is formed of 
inert gas containing a small amount of hydrogen (e.g,, 
N 2 /H 2 , NH 3 gas) , neutral condition such as inert gas con- 
dition (e,g.. He, Ne, Ar, N 2 ) , oxidative condition which 

25 is formed of inert gas containing a small amount of oxy- 
gen (e.g., N 2 /0 2 ) , or vacuum condition. If the metal 
compound is a metal nitride or oxynitride, the firing is 
performed under neutral condition, reductive condition, 
or vacuum condition. The firing procedure can be repeat - 

30 ed under different firing conditions. The firing proce- 
dure can be performed following the above-mentioned heat- 
ing procedure. 

The fired surface -coated core particles obtained in 
the firing step can be pulverized/ dispersed, and/or 

35 sieved, if necessary* 

The firing procedure performed for the surface-coat- 
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ed core particles is effective to corrpletely remove de- 
composition products from the metal compound coat and to 
completely crystallize the metal compound coat. Accord- 
ingly, if the metal cortpound coat is a phosphor material 
5 coat, the firing procedure is favorably employed. 

If the dopant is placed in the molten urea, the 
dopant such as a metal ion is incorporated and dispersed 
in the metal compound coat or core particles, so that the 
metal compound coat or core particles can be activated 
10 (for instance, a phosphor is activated) . 

The metal cotrpound is generally coated around the 
core particles with a thickness of generally 1 ran to 10 
(jm, preferably 10 nm to 5 /xm. 

15 The second method of the invention can be performed 

in the following manner . 

[Preparation of molten urea] 

In the same, manner, as in the corresponding procedure 

20 of the first method, urea and the metal salt are placed 
in a reaction vessel and heated to a temperature higher 
than the melting point of the urea to give molten urea in 
-which the metal salt is dissolved. In the molten urea, a 
small amount of an additive such as a dopant can be in- 

25 corporated so as to activate the coating material . 

[Heating step] 

The molten urea containing the metal salt is then 
heated to a temperature higher than the melting point of 

30 urea but lower than the temperature at which the result- 
ing metal compound sinters. 

The heating temperature generally is in the range of 
150 to 450°C. The heating period generally is in the 
range of 10 min. to 24 hrs. The tenperature can be kept 

35 constant or gradually increased during the heating step. 
The heating procedure can be performed under oxidative 
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atmosphere (such as atmospheric condition) , neutral atmo- 
sphere (such as in N 2 gas or Ar gas) , or vacuum condition. 

In the heating step, a part of the molten urea de- 
composes but a remaining part is turned into a polymer 
5 material, and the metal salt also decomposes to give a 
metal compound such as oxide, nitride, oxynitride, sul- 
fide, or oxysulfide. 

After the heated mixture is cooled, a solid product 
comprising the metal compound dispersed in the polymer 
10 material is obtained. The solid product is then pulver- 
ized to give a powder in which each particle comprises a 
metal corrpound (or metal ion) uniformly dispersed in a 
polymerized urea matrix. This powder is named a metal 
compound precursor. 

15 

[Mixing the metal compound precursor with core particles] 
The metal compound precursor obtained in the above- 
mentioned step is then mixed with the inorganic core 
particles. The core particles are mixed with the metal 

20 conpound precursor in a molar ratio of 10* :1 to 1:10 

(former/latter) , while the ratio may vary depending on 
the natures of the core particles and precursor and the 
desired coating amount* The mixing can be performed for 
10 min. to 24 hrs., by a dry procedure in a ball mill or 

25 other known mixing means. ' in the mixing procedure, a 
small amount of an additive such as a dopant can be in- 
corporated into the mixture for activating the core par- 
ticles or the metal compound coat. Further, a small 
amount of an organic additive such as saccharose can be 

30 incorporated into the mixture for placing the metal com- 
pound coat firmly on the core particles. 

[Firing step] 

In the second method, the mixture obtained in the 
35 above-mentioned step is fired in the same manner in the 

first method so that the metal compound coat is placed on 
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the core particles. The resulting coated particles ob- 
tained in the firing procedure can be pulverized, dis- 
persed, and/or sieved, if necessary. 

5 In the methods for coating the inorganic core parti- 

cles with a metal conpound according to the present in- 
vention, the molten organic material such as molten urea 
or molten carbohydrazide which is employed as the medium 
for dissolving the metal salt and dispersing the core 

10 particles effectively disturbs agglomeration of the core 
particles when it is in the molten state and in the solid 
state after it is cooled* Accordingly, the core parti- 
cles are coated uniformly with the resulting metal com- 
pound coat with a large thickness under well dispersed 

15 conditions. The coating methods of the invention are 
applicable for coating inorganic core particles having 
optionally selected particle size and conprising option- 
ally selected material. For instance, the coating meth- 
ods of the invention are favorably employed for preparing 

20 coated particles in which the coat or core particle com- 
prises a phosphor material ♦ The coating methods give no 
adverse effect to the characteristics of the prepared 
phosphor- containing particles. 
,-• Further, according to the coating methods of the 

25 invention, an activator can be incorporated uniformly 

into the metal compound coat or the core particle in the 
coating procedure* 

The coating methods of the invention can be errployed 
for coating inorganic core particles having a preliminary 

30 coat further with a metal compound. The inorganic core 
particles having a preliminary coat can be prepared by 
the coating method of the invention or by the known coat- 
ing method such as the sol-gel method. 



35 



The inorganic particles coated by the method of the 
invention are explained below by referring to the at- 
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tached drawings* 

Each, of Figs* 1 and 2 is an electron micrograph (x 
2,000 for Fig. 1, and x5,000 for Fig. 2) of coated parti- 
cles (core material; ZnS:Mn 2+ , metal coirpound coat: Y 2 Oj) 
prepared by the first method of the invention in vfliich 
the heating procedure was carried out by increasing the 
temperature at a rate of 5°C/min. up to. 450 Q C 

Each of Figs. 3 and 4 is an electron micrograph (x 
2.000 for Fig. 3, and x5,000 for Fig. 4) of coated parti- 
cles (core material: ZnS:Mn 2+ , metal corrpound coat: Y 2 p3) 
prepared by the first method of the invention in which 
the heating procedure was carried out by increasing the 
teirperature at a rate of l°C/min* up to 450°C. 

Each of Figs. 5 and 6 is an electron micrograph (x 
2,000 for Fig. 5, and x5,000 for Fig. 6) of the core par- 
ticles (core material: ZnS:!^ 2 -, CRT grade) having no 
coat. 

Each of Figs. 7 and 8 is an electron micrograph (x 
2,000 for Fig. 7, and x5,000 for Fig. 8) of core parti- 
cles (core material: ZnS:Mn 2+ ) having no coat which were 
treated by dispersing in molten urea, heating and firing. 

From Figs, l to 8, it is apparent that the coating 
method of the invention gives inorganic core particles 
(j2hS:Mn 2+ ) uniformly coated with a metal conpound (Y 2 C^) . 
Particularly, if the heating procedure is performed by 
increasing the temperature at a slow increase rate, the 
well dispersed coated powdery product can be prepared. 

Fig. 9 is a fluorescence spectrum of coated parti- 
cles (core material: ZnS:Mn 2+ phosphor, coat material: Y 2 C^ 
dielectric material) which was prepared from core parti- 
cles of ZnS:Mn 2+ phosphor and yttrium nitrate (for the 
formation of the metal coirpound coat) . The peak of the 
illustrated spectrum indicates that the coated particles 
conprise ZnSrMn 2 * phosphor. 

Fig. 10 is a fluorescence spectrum of coated parti- 
cles which was prepared from core particles of ZnS, yt- 
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trium nitrate, and a dopant of manganese acetate. From 
comparison the spectrum of Fig. 10 with the spectrum of 
Fig. 9, it is apparent that the dopant (Via 2 *) was incorpo- 
rated into the core material. 

Table 1 indicates combinations of material of the 
core particles and materials of the metal compound coat 
employable in the method of the invention as well as 
employable in the known sol-gel method. 
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Table 1 



(1) Method of the invention 



Core pa rticle nwh^Ha l 

Covalent bonded oxide 

Nitride 

Sulfide 

Halide 

Ferroelectric oxide 



(2) Sol-gel method 



Core particle maternal 
Covalent bended oxide 
Nitride 
Sulfide 
30 Halide 

Ferroelectric oxide 



Coatinor mal-AWaT 


Oxide 


Nitride 


Sulfide 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


Yes 


No 




Yes 


No 





CoatitlCT ms^rial 


Oxide 


Sulfide 


Halide 


Yes 


Yes 


Yes 


Yes 


. Yes 


Yes 


Yes 


Yes 




Yes 






Yes 







In Table 1, the covalent bonded oxide means an oxide 
35 or a complex oxide in which a metal ion is relatively 

small and the chemical bonding between metal and oxygen 
is relatively short. Examples are Al^, Si0 2/ MgO, Y a0b , 
their combinations, and combinations of B 2 03 with these ' 
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oxides . 

The ferroelectric oxide means an oxide or a complex 
oxide having a high dielectric constant in which a metal 
ion is sufficiently large. Examples are Ti0 2 , titanates 
5 (e.g., SrTiOj, BaTiC^, PbTi0 3 ) , tantalum oxide, tantalates 
(e.g., BaTa 2 0 € ) , niobium oxide, and niobates (e.g., 
PbNfcvA) . The metal compound set forth in Table 1 can 
contain a dopant, if desired. 

In the coated inorganic particle prepared by the 

10 invention, the coating layer can serve as a layer for 
protecting the core particle. Otherwise, the coating 
layer can be formed of a phosphor material, a dielectric 
material, or an elect roconductive material so that the 
coating layer can impart a performance of phosphor, di- 

15 electric material, or electroconductive material to the 
coated particle. The core particle also can be formed of 
a phosphor material, a dielectric material, or an elec- 
troconductive material so that the coating layer can 
inpart a performance of phosphor, dielectric material, or 

20 electroconductive material to the coated particle* 

Accordingly, the coating method of the invention is 
favorably employable for preparing a coated inorganic 
particle in which one of the core inorganic particle and 
the coated layer is made of a phosphor material and an- 

25 other is made of a dielectric- material or an electrocon- 
ductive material. Thus coated inorganic particle con- 
taining a phosphor material is favorably employed for 
manufacturing a dispersion type electroluminescence (EL) 
display element, a field emission display (FED) element, 

30 and a plasma display panel (PDP) which utilize phosphor 
particles. In these utilizations, the characteristics of 
the coating layer on the particles are inportant. The 
coating method of the present invention is advantageous 
because the method enables to prepare coated particles 

35 having a thick coat with a high density. 

Bxattples of the constitutions of the coated parti- 



cles are described below for various utilizations. 

(1) Phosphor particles for EL device 

Core material: phosphor [e.g., ZnS:Mn 2+ , CaS.-Eu 3 *, 
SrS:Ce 3+ , BaAl 2 S 4 ;Eu 2+ , GaNrEr 3 *, AlNtlta 3 *] 

Coating material: dielectric oxide [e.g., Y 2 03, 

A1 2 Q3] 

(2) Phosphor particles for FED device 

Core material: phosphor [e.g., Y 2 03:Eu 3+ ] 
Coating material: electroconductive oxide [e.g., 
Sn0 2/ InaOj 

(3) Phosphor particles for PDP device 

Core material: phosphor [e.g., BaMgAliod, :Mn 2+ ] 
Coating material: covalent bonded oxide [e.g., Y 2 Oj 

Al a QJ 

In FED device and PDP device of the above-mentioned 
combination, the coating layer should be very thin. 

(4) Phosphor particles for EL device 

Core material: dielectric oxide [e.g., BaTiO^ 
SrTiO,, Tip,] 

Coating material: phosphor [e.g., YaCVMn 2 -, ZnO:Zn, 
GaaQ^Mn*, ZnGa 2 0 4 :Mn 2+ , CaO:Eu 2 +, ZnO:Zn 2+ , Y 2 Si0 5 :Ce 3 % 
CaGa 2 0 4 :Mn 2+ ] 

(5) Phosphor particles for FED device 

Core material: electroconductive oxide [e.g., Snpz, 

Coating material : phosphor [e.g., Y 2 03 : Eu 3+ ] 

The use of a transparent electroconductive particle 

enables to keep the particle from electrification without 

lowering luminance 

(6) Phosphor particles for PDP device 

Core material: covalent bonded oxide [e.g., Al 2 Qj, 
YA, A1N, YAG, ALON] 

Coating material: phosphor [e.g., BaMgAl^^ : Eu 2+ , 
BaMgAl 14 0 24 :Eu 2 Myin 2+ , CeMgAl^O^Tb 34 , BaAl^O^Mn 2 *, 
YBO, : Eu 3+ ] 

(7) Phosphor particles for EL device 



Core material: dielectric oxide [e.g., BaTi0 3 
SrTiQj, TiOJ 

First coating material (inner side) : phosphor 
[e.g., YaQj.-Mn 2 *, Ga 2 Oj:Mn 2 *, ZnGa 2 0 4 :Mn 2+ , CaO:Eu 2+ , ZnO:Zn 2+ , 
CaGa 2 0 4 :Mn 2+ ] 

Second coating material (outer side) : dielectric 
oxide [e.g., BaTip*, SrTiO,, TiQz] 

(8) Phosphor particles for EL device 

Core material: dielectric oxide [e.g., Y 2 Q3, Al 2 Oj, 
YAG, ALON, Si 3 N 4 , SIALON] 

First coating material: phosphor [e.g., GaN:Eu 2+ , 
AlN:Tnr + ] 

Second coating material: dielectric oxide [e.g., 
BaTiO,, SrTi0 3 , Tip,, Ta^, Y^, Al^, YAG, ALON] 

(9) Phosphor particles for EL device 

Core material: dielectric oxide [e.g., Y-A, Al 2 03, 
YAG, ALON, Si,N 4 , SIALON] 

First coating material: phosphor [e.g., Y^Ma 5 *, 
Ga^Mi 2 *, ZnGa 2 0«:Mn z+ , CaO:Eu 2+ , ZnO:Zn 2+ , CaGa 2 0 4 :Mn 2+ ] 

Second coating material: dielectric oxide [e.g., 
BaTiQ,, SrTi03, Ti0 2/ Ta 2 O s , Y 2 03, Al a Q, f YAG, ALON] 

[Example 1 - single layer-coated particles] 

In a separable flask were placed urea (1.8 M) , yt- 
trium nitrate (0.004 M) , and powdery zinc sulfide (0.046 
M) . The resulting mixture was heated to 150°C under stir- 
ring so as to melt urea. There was obtained a uniform 
molten liquid in which the powdery zinc sulfide was dis- 
persed. Subsequently, the molten liquid is heated to 
450°C at a temperature elevation rate of l^/min. , to 
solidify the molten liquid. The resulting solid product 
(foamed solid product) was pulverized and then fired at 
900-1, 000°C under reductive atmosphere (N 2 /H 2 ) , to give 
coated particles (core material: ZnS, coating material - 
Y 2 Oj) . ' 
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[Exanple 2 - phosphor particles for EL device] 

In a separable flask were placed urea (1.8 M) f yt- 
trium nitrate (0.004 M) , manganese acetate (0.002 M) , and 
powdery zinc sulfide (0*046 M) . The resulting mixture 
5 was heated to 150*0 under stirring so as to melt urea. 
There was obtained a uniform molten liquid in which the 
powdery zinc sulfide was dispersed. Subsequently, the 
molten liquid is heated to 450°C at a temperature eleva- 
tion rate of l°C/min. , to solidify the molten liquid. The 
10 resulting solid product (foamed solid product) was pul- 
verized and then fired at 900-1, 000°C under reductive 
atmosphere (N 2 /H 2 ) , to give coated particles (core materi- 
al: ZnS:Mn 2+ , coating material: Y^) . 

15 [Example 3 - phosphor particles for EL device] 

In a molten urea in which yttrium nitrate was dis- 
solved was dispersed a powdery manganese -activated zinc 
sulfide phosphor. The molten urea composition was heated 
to decompose a portion of urea and a portion of yttrium 

20 nitrate, to solidify the molten urea composition. Thus, 
there was obtained a coated-particle precursor. 

The coated-particle precursor was fired under reduc- 
tive atmosphere to remove the remaining organic material, 
to obtain coated-particles (core material; Zn£:Mn 2+ , 

25 coating material: Y^O,) . 

Separately, the above-mentioned procedures were 
repeated using CaS:Eu 2+ , SrS:Ce 3+ , BaAl ? S 4 :Eu 2+ , GaNtEr 3 *, or 
AlNrlYn?* as core material and YfNQj^ or AKNO^ as metal 
nitrate, to obtain coated-particles corresponding to the 

30 aforementioned (1) phosphor particles for EL device. 

[Example 4 - phosphor particles for EL device] 

In a molten urea in which yttrium nitrate and manga- 
nese nitrate were dissolved was dispersed a powdery zinc 
35 sulfide phosphor. The molten urea composition was heated 
to decompose a portion of urea, to solidify the molten 
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urea composition. Thus, there was obtained a coated-par- 
ticle precursor. 

Hie coated-particle precursor was fired under reduc- 
tive atmosphere to remove the remaining; organic material, 
5 to obtain coated-particles (core material: ZnS:Mn 2+ , 
coating material: Y 2 0 3 ) . 

Separately, the above -mentioned procedures were 
repeated using GaNtEr 3 * or AlN:Tm? + as core material and 
Y(N03>3 or Al(N03) 3 as metal nitrate, to obtain coated- 
10 particles corresponding to the aforementioned (1) phos- 
phor particles for EL device. 

[Example 5 - double coated phosphor particles for EL de- 
vice] 

15 In a molten urea in which yttrium nitrate and manga- 

nese nitrate were dissolved was dispersed a powdery bari- 
um titanate. The molten urea composition was heated to 
decompose a portion of the composition, to solidify the 
molten urea composition. Thus, there was obtained a 

20 coated-particle precursor. 

The coated-particle precursor was fired under oxida- 
tive atmosphere to remove the remaining organic material, 
to obtain phosphor- coated particles* 

Separately, barium acetate, titanium tetraisoprop- 

25 oxide, acetic acid, acetylacetone, ethanol, and water 
were mixed under stirring to prepare a sol. In the sol 
were dispersed the above -mentioned phosphor -coated parti- 
cles. The sol composition was dehydrated to give a gel 
which was then dried to give a dry gel. The dry gel was 

30 decomposed by heating to give double-coated particles 

(core material: BaTicx,, first coating material: Y 2 0^:Mn* + , 
second coating material: BaTiOj) . 

The above-mentioned procedures were repeated using 
BaTiOj, SrTiCV or Ti0 2 as core material and YtNOjh, 

35 Zn(NOj) 2 , Ga(N0 3 ) 3/ Ca(N03) 2 , Eu<NQ,)„ Ce(N0 3 h, and/or 

MniCH^COO) 2 as metal salt, to obtain single layer-coated 
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particles, and further the sol -gel procedures were re- 
peated using Ba (CH3COO) 2 , Sr (CH 3 C0O) 2 , and/or Ti ( (CH 3 ) 2 CHO) 4 
as metal salt, to give double layer-coated particles 
corresponding to the aforementioned (7) phosphor parti- 
5 cles for EL device. 

[Example 6 - double coated phosphor particles' for EL de- 
vice] 

In a molten urea in which gallium nitrate and erbium 

10 nitrate were dissolved was dispersed a powdery yttrium 
oxide. The molten urea composition was heated to decom- 
pose a portion of the composition, to solidify the molten 
urea conposition. Thus, there, was obtained a coated-par- 
ticle precursor . 

15 The coated-particle precursor was fired under reduc- 

tive atmosphere (N 2 /H 2 or NH 3 gas) to remove the remaining 
organic material, to obtain phosphor- coated particles. 

Separately, barium acetate, titanium tetraisoprop- 
oxide, acetic acid, acetylacetone, ethanol, and water. 

20 were mixed under stirring to prepare a sol. In the sol 
were dispersed the above-mentioned phosphor- coated parti- 
cles. The sol conqposition was dehydrated to give a gel 
which was then dried to give a dry gel. The dry gel was 
decomposed by heating to give double-coated particles 

25 (core material: Y 2 Q3, first coating material: GaNrEr 3 *, 
second coating material: BaTiQa) . 

The above-mentioned procedures were repeated using 
Y 2 03, Al^Oa, YfcG, ALON, Si 3 N4, or SIMjQN as core material 
and Ga(NOj) 3/ AKNO^, ErCNO^, and/or TmtNO^ as metal 

30 salt, to obtain single layer-coated particles, and fur- 
ther the sol -gel procedures were repeated using 
Ba(O* 3 C00) 2 , Sr(CH^G0O) 2 , Ti ( (CH 3 ) 2 CH0} 4 , Ta( (CH^CHCOs, 
Y((GH 3 ) 2 CH0) 3 , and/or Al ( (CH 3 ) 2 CHO) 3 as metal salt, to give 
double layer-coated particles corresponding to the afore- 

35 mentioned (8) phosphor particles for EL device. 



[Example 7 - double coated phosphor particles for EL de- 
vice] 

In a molten urea in which yttrium nitrate and manga- 
nese nitrate were dissolved was dispersed a powdery yt- 
trium oxide. The molten urea composition was heated to 
decompose a portion of the composition, to solidify the 
molten urea composition. Thus, there was obtained a 
coated-particle precursor. 

The coated-particle precursor was fired under neu- 
tral atmosphere to remove the remaining organic material, 
to obtain phosphor- coated particles. 

Separately, barium acetate, titanium tetraisoprop- 
oxide, acetic acid, acetylacetone, ethanol, and water 
were mixed under stirring to prepare a sol. in the sol 
were dispersed the above-mentioned phosphor-coated parti- 
cles. The sol composition was dehydrated to give a gel 
which was then dried to give a dry gel. The dry gel was 
decomposed by heating to give double-coated particles 
(core material: Y 2 0„ first coating material: Y.O^Mn 2 *, 
second coating material: BaTiO,) . 

The above-mentioned procedures were repeated using 
YA, A^Oj, YAG, ALON, Si 3 N 4 , or SIALON as core material 
and Y(NQ,) 3 , Zn(N0 3 ) 2/ Ga(NO J ) 31 Ca(N0 3 ) 2 , EuWO,),, and/or 
Mn(CH } OX>) 2 as metal salt, to obtain single layer-coated 
particles, and further the sol -gel procedures were re- 
peated using Ba(CH 3 G0O) 2 , SrtO^COO),, Ti( (CH 3 ) 2 CHO) 4 , 
Ta((CH 3 ) 2 OIO) 5 , Y( (CH 3 ) 2 CHO) 3 , and/or Al ( (CH 3 ) 2 CHO) 3 as metal 
salt, to give double layer-coated particles correspond- 
ing to the aforementioned (9) phosphor particles for EL 
device. 

[Example 8 - phosphor particles for FED device] 

In a flask were mixed under stirring urea (1.5 M) , 
yttrium nitrate (0.10 M) , and europium nitrate. In the 
resulting mixture was dispersed a powdery tin oxide (10 
g) . The resulting mixture was heated to 220°C under stir- 



-24- 



10 



15 



ring so as to melt urea. There was obtained a uniform 
molten liquid in which the powdery tin oxide was dis- 
persed. Subsequently, the molten liquid is heated to 
450«C, to solidify the molten liquid. The resulting solid 
product (foamed solid product) was pulverized carefully 
and then fired at 1,000-1, SOCPC under reductive atmosphere 
(N 2 9as or N 2 /H^) , to give coated particles (core materi- 
al: Sn0 2 , coating material: Y 2 a,:Eu 3+ ) . 

Separately, the same procedures were repeated except 
for using In^ as core material, to give coated particles 
corresponding to the aforementioned (9) phosphor parti- 
cles for FED device. 

[Example 9 - phosphor particles for PDP device] 

In a flask were mixed under stirring urea (1.5 M) , 
aluminum nitrate (0.0056 M), magnesium nitrate (0.004 M) 
barium acetate (0.002 M) and europium nitrate. In the 
resulting mixture was dispersed a powdery aluminum oxide 
(10 g) . The resulting mixture was heated to 220^ under 
stirring so as to melt urea. There was obtained a uni- 
form molten liquid in which the powdery aluminum oxide 
was dispersed. Subsequently, the molten liquid is heated 
to 450^C,. to solidify the molten liquid. The resulting 
solid product (foamed solid product) was pulverized care- 
25 fully and then fired at 1,000°C under atmospheric condi- 
tion. Thus fired product was further fired at 1,000- 
1,300°C under N^H, gas atmosphere, to give coated parti- 
cles (core material: A1 2 0^, coating material: 
BaMgjAl^.-Eu 2 *) . 
30 Separately,, the same procedures were repeated except 

for using Al^, Y.q,, A1N, ALON or YAG as core material 
and using Al (NO,) 3/ MjUJO,),, Ba(CH 3 C00) 2 , Eu(NO J ) 3 , and/or 
M£i(N03) 2 as metal salt, to give coated particles corre- 
sponding to the aforementioned (6) phosphor particles for 
35 PDP device. 
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[Example 10 - phosphor particles for PDP device] 

In a flask were mixed under stirring urea (1.5 m) , 
aluminum nitrate {0.044 M) , magnesium nitrate (0.004 M) , 
cerium acetate (0.004 M) and terbium nitrate. In the re- 
sulting mixture was dispersed a powdery aluminum oxide 
(10 g) . The resulting mixture was heated to 220*C under 
stirring so as to melt urea, ihere was obtained a uni- 
form molten liquid in which the powdery aluminum oxide 
was dispersed. Subsequently, the molten liquid is heated 
to 450°C, to solidify the molten liquid. The resulting 
solid product (foamed solid product) was pulverized care- 
fully and then fired at 1,000-1,300^ under N 2 /J^ gas 
atmosphere, to give coated particles (core material: 
AljO,, coating material: CeMgAluO^ : To 3 *) . 

Separately, the same procedures were repeated except 
for using Y 2 Oj, AlN, ALON or YAG as core material, to give 
coated particles corresponding to the aforementioned (6) 
phosphor particles for PDP device. 

[Example 11 - phosphor particles for PDP device] 

In a flask were mixed under stirring urea (1.5 M) , 
aluminum nitrate (0.048 M) , barium acetate (0.004 M) and 
manganese nitrate. In the resulting mixture was dis- 
persed a powdery aluminum oxide (10 g) . The resulting 
mixture was heated to 220°C under stirring so as to melt 
urea. There was obtained a uniform molten liquid in 
which the powdery aluminum oxide was dispersed. Subse- 
quently, the molten liquid is heated to 450*C, to solidify 
the molten liquid. The resulting solid product (foamed 
solid product) was pulverized carefully and then fired at 
1,000°C under atmospheric condition. Thus fired product 
was further fired at l, 000-1, 300°C under N 2 /H 2 gas atmo- 
sphere, to give coated particles (core material: 
coating material: BaAl^O^Nfa 2 *) . 

separately, the same procedures were repeated except 
for using Y 2 Qj, AlN, ALON or YAG as core material, to give 
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coated particles corresponding to the aforementioned (6) 
phosphor particles for POP device. 

[Example 12 - phosphor particles for PDP device] 
5 In a flask were mixed under stirring urea (1.5 M) , 

yttrium nitrate (0-02 M) , boric acid (0*002 M) and euro- 
pium nitrate- In the resulting mixture was dispersed a 
powdery- aluminum oxide (10 g) . The resulting mixture was 
heated to 220°C under stirring so as to melt urea. There 

10 was obtained a uniform molten liquid in which the powdery 
aluminum oxide was dispersed. Subsequent ly , the molten 
liquid is heated to 450°C, to solidify the molten liquid. 
The resulting solid product (foamed solid product) was 
pulverized carefully and then fired at 1,000*0 under 

15 atmospheric condition* Thus fired product was further 

fired at 1, 000-1, 300°C under N 2 /H 2 gas atmosphere, to give 
coated particles (core material: Al*^, coating material: 
YBCV-Eu 3 *)* 

Separately, the same procedures were repeated except 
20 for using Y 2 0 3/ AlN, AL0N or YP& as core material/ to give 
coated particles corresponding to the aforementioned (6) 
phosphor particles for PDP device. 

[Example 13 - single layer-coated particles] 
25 in a molten composition of urea, zinc nitrate and 

saccharose was dispersed powdery yttrium oxide. The re- 
sulting molten dispersion was heated to decompose a por- 
tion of the molten composition, resulting in a solid 
product (i.e., coated particle precursor)* The solid 
30 product was then fired under oxidative atmosphere to 
remove decomposed organic material, to give uniformly 
coated particles (core material: Y 2 Oj, coating material: 
ZnO) , 

Separately, the same procedures were repeated except 
35 for using Y 2 0 3 , Al-A, YAG, ALON, Si 3 N 4 , or SIALOtf as core 
material and using Y{^0 3 ) 2 , Zn(N0b) 3 / or Al(NOj) 3 as metal 
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salt, to give coated particles having the following con- 
stitution. 

Core materials YA, AljO,, YAG, ALON, SijN,, SIALON 
Coating material: Y 2 Q,, ZnO, Al 2 03 

5 

Separately, the same procedures were repeated except 
for using BN, GaN, or A1N as core material and using 
AKNOjJj, Y(NQ 3 ) 3 , Ga(N<^) 3/ In(NC3 3 ) 3 , or HjBO, as metal 
salt, to give coated particles having the following con- 
iO stitution. 

Core material: BN, GaN, A1N 

Coating material: BN, GaN, A1N, InN, ALON, YALON 

[Example 14 - protecting layer-coated particles] 

In a molten composition of urea and boric acid was 
dispersed powdery graphite. The resulting molten dis- 
persion was heated to decompose a portion of the molten 
composition, resulting in a solid product (i.e., coated 
particle precursor) . The solid product was then fired 
under N 2 gas or NB, gas atmosphere to remove decomposed 
organic material, to give coated particles (core materi- 
al: graphite, coating material: BN) . The coating layer 
served as a protecting layer. 

Separately, the same procedures were repeated except 
for using oxidation-accelerating material such as MoS 2 or 
WS 2 as core material, using a material which is not con- 
verted into carbide upon contact with carbon under heat- 
ing such as AKNcga, Y(N03) 3 , or Zn(N0 3 ) 3 , as metal ni- 
trate, and optionally using saccharose, to give coated 
particles having the following constitution. 
Core material: MoS 2 , WS 2 , etc. 
Coating material: AljA, Y^, ZnO, etc. 

[Example 15 - phosphor particles for EL device, according 
35 to the second method] 

Urea (108.8 g) and yttrium nitrate (3.12 g) were 
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mixed and heated to 450°C, to give a solid product (i.e., 
metal compound precursor) . The metal compound precursor 
was cooled, and pulverized in a mortar* To the pulver- 
ized metal compound precursor was added manganese- act i- 
5 vated zinc sulfide phosphor particles (ZnS:Mn 2+ , median 
diameter: 2 /mi, 20 g) . The resulting mixture was well 
mixed in a ball mill for 6 hours , to give a uniform mix- 
ture. The uniform mixture was placed in a quartz glass 
boat and heated at 1,030°C for 2 hours under vacuum. 
10 There were obtained coated particles (core material: 

ZnS:Mn 2+ , coating material: Y2O3) emitting fluorescence and 
electroluminescence with high emission strength. 

As described above, the coated particles prepared by 
15 the present invention are favorably employable as phos- 
phor particles to be included in electroluininescence (EL) 
devices. Particularly, the coated particles prepared by 
the invention are favorably employable as phosphor parti- 
cles to be included in the following dispersion electro- 
20 luminescence (EL) devices which are disclosed in 
PCT/JF02/03226. 

(I) A dispersion electroluminescence device com- 
prising a back face sheet, a light-transmitting back 
electrode, a light-emitting layer comprising electro- 

25 luminescence light- emitting particles dispersed in a di- 
electric material phase, a light -transmitting front elec- 
trode, and a light- transmitting front protecting film 
arranged in order, wherein the back face sheet shows a 
light -scattering reflective property and the light- emit - 

30 ting layer shows a light- scattering property, 

(II) A dispersion electroluminescence device com- 
prising a back face sheet, a back electrode, a light- 
emitting layer comprising electroluminescence light -emit- 
ting particles dispersed in a dielectric material phase, 

35 a light -transmitting front electrode, and a light-trans- 
mitting front protecting film arranged in order, wherein 
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the electroluminescence light -emitting particle conprises 
a dielectric material particle coated with a phosphor 
layer which is further coated with an outer coat layer . 

(III) A dispersion electroluminescence device com- 
5 prising a back face sheet, a back electrode, a light - 

scattering or non light -scattering, light-emitting layer 
which comprises electroluminescence light-emitting par- 
ticles dispersed in a dielectric material phase, a light - 
transmitting front electrode, and a light-transmitting 
10 front protecting film arranged in order, wherein the 

electroluminescence light -emitting particle comprises a 
dielectric material particle coated with a phosphor lay- 
er. 

(IV) A dispersion electroluminescence device com- 
15 prising a back face sheet, a light -transmitting back 

electrode, a light-emitting layer comprising electrolumi- 
nescence light-emitting particles dispersed in a dielec- 
tric material phase, a light-transmitting front elec- 
trode, and a light -transmitting front protecting film 

20 arranged in order, wherein the back face sheet shows 

light reflection by a light -scattering effect, a light- 
scattering, high refraction layer which comprises as main 
component a material having a refractive index of 80% or 
higher based on a refractive index of the electrolumines- 

25 cence light -emitting layer is placed between the light - 
transmitting front electrode and the front protecting 
film, and a refractive index of material placed between 
the light -emitting layer and the light -scattering, high 
refraction layer is adjusted, whereby 40% or more of a 

30 light emitted by the electroluminescence light -emitting 
layer toward a front side enters the light- scattering, 
high refraction layer. 

(V) A dispersion electroluminescence device com- 
prising a back face sheet, a light- transmitting back 

35 electrode, an electroluminescence light-emitting layer 
comprising electroluminescence light -emitting particles 
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dispersed in a dielectric material phase, a light-trans- 
mitting front electrode, and a light- transmitting front 
protecting film arranged in order, wherein the back face 
sheet is a light -scattering reflective, high refraction 
5 sheet which comprises as main component a material having 
a refractive index of 80% or higher, based on a refrac- 
tive index of the electroluminescence light -emitting lay- 
er, and a refractive index of material placed between the 
light-emitting layer and the back face sheet is adjusted, 
10 whereby 40% or more of a light emitted by the electro- 
luminescence light-emitting layer toward a back side 
enters the back face sheet. 

(VI) A dispersion electroluminescence device com- 
prising a back face sheet, a back electrode, a back insu- 

15 lating material layer, an electroluminescence light-emit- 
ting layer comprising electroluminescence light -emitting 
particles dispersed in a dielectric material phase, a 
light- transmitting front electrode, a light -transmitting 
front protecting film arranged in order, wherein the back 

20 insulating material layer is a light- scattering, high re- 
fraction, insulating material layer which comprises as 
main component a material having a refractive index of 
80% or higher based on a refractive index of the electro- 
lvpinescence light-emitting layer, and 40% or more of a 

25 light emitted by the electroluminescence light-emitting 
layer toward a back side enters the back insulating lay- 
er. 

(VII) A dispersion electroluminescence device com- 
prising a back face sheet, a light -transmitting back 

30 electrode, an electroltamiiiesceiice light-emitting layer 
comprising electroluminescence light-emitting particles 
dispersed in a dielectric material phase, an front insu- 
lating material layer, a light-transmitting front elec- 
trode, and a light-transmitting front protecting film . 

35 arranged in order, wherein the back face sheet shows 

light reflection by a light -scattering effect, the . front 
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insulating material layer is a light-scattering, high 
refraction, insulating material layer which comprises as 
main component a material having a refractive index of 
80% or higher, based on a refractive index of the elec- 
5 troluminescence light-emitting layer, and 40% or more of 
a light emitted by the electroluminescence light-emitting 
layer toward a front side enters the front insulating 
material layer. 

(VIII) A dispersion electroluminescence device com- 

10 prising a back face sheet, a back electrode, a back insu- 
lating material layer, an electroluminescence light -emit- 
ting layer comprising electroluminescence light -emitting 
particles dispersed in a dielectric material phase, a 
light- transmitting front electrode, and a light-trans - 

15 mitting front protecting film arranged in order, wherein 
the back insulating material layer has a thickness of 10 
/an or more and is a light -scattering, high refraction, 
insulating material layer having a diffuse reflectance of 
50% or higher, 

20 The preferred embodiments of the above -described 

electroluminescence devices are described below. 

For the EL device of (I) above, the following em- 
bodiments are preferred. 

(1) The electroluminescence particle is a phosphor 
25 particle coated with an coating layer (e.g., a dielectric 

material layer) . 

(2) The outer coating layer of the elect:rolununes- 
cence particle has a refractive index of 65% or higher 
based on a refractive index of the phosphor particle of 

30 the light-emitting layer. 

(3) The outer coating layer of the electrolumines- 
cence particle has a refractive index of 75% or higher 
based on a refractive index of the phosphor particle of 
the light -emitting layer. 

35 (4) The dielectric material phase of the light- 

emitting layer has a refractive index of 65% or higher 
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based on a refractive index of the phosphor particle. 

(5) The dielectric material phase of the light- 
emitting layer has a refractive index of 75% or higher 
based on a refractive index of the phosphor particle. 

(6) The light -transmitting front electrode is a 
light-transmitting electrode having a high refractive 
index. 

(7) The particle size of the electroluminescence 
light -emitting particle is in the range of 30 nm to 5 fim. 

(8) The dielectric material layer comprises inor- 
ganic or organic fine particles dispersed in an organic 
polymer. 

(9) A relationship between the radius of the elec- 
troluminescence light-emitting particle and the thickness 
of the coating layer of the particle is as follows: 

(r-d)/r £ (nj/njxl.2 

wherein r is a radius of the light-emitting particle, d 
is the thickness of the coating layer, n 2 is a refractive 
index of the dielectric material layer of the light-emit- 
ting layer, and is a refractive index of the phosphor 
layer of the light -emitting particle. 

(10) The phosphor of the electroluminescence light - 
emitting particle is a phosphor emitting a blue light, 
and there is placed a phosphor layer (which converts the 
blue light into green light, red light, or white light) 
between the light -transmitting front electrode and the 
light-transmitting front protecting film, 

(11) The phosphor of the electroluminescence light- 
emitting particle is a phosphor emitting a ultraviolet 
light, and there is placed a phosphor layer (which con- 
verts the ultraviolet light into blue light, green light, 
red light, or white light) between the light -transmitting 
front electrode and the light -transmitting front protect- 
ing film. 
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(12) The phosphor layer placed between the light - 
transmitting front electrode and the light-transmitting 
front protecting film is a light- scattering phosphor lay 
er. 

5 (13) The phosphor of the electroluminescence light 

emitting particle is a phosphor emitting a blue light, a 
green light, an orange light, or a red light.' 

(14) The phosphor of the electroluminescence light 
emitting particle is a phosphor emitting a White light. 
10 (15) There are placed a color filter layer and/or 

an ND filter layer between the light -transmitting front 
electrode and the light -transmitting front protecting 
film. 

For the EL device of (II) above, the following em- 
15 bodiments are preferred* 

(1) The dielectric material phase comprises an or- 
ganic polymer, or comprises inorganic or organic fine 
particles dispersed in an organic polymer. 

(2) The light-emitting layer is a light -scattering 
20 layer. 

(3) The back electrode is a light-transmitting 
electrode, and the back face sheet shows a light -scatter 
ing reflective property* 

(4) The outer dielectric material layer of the 

25 electroluminescence light-emitting particle has a refrac 
tive index of 65% or higher based on a refractive index 
of the phosphor layer of the light-emitting particle* 

(5) The ooiter dielectric material layer of the 
electroluminescence light-emitting particle has a refrac 

30 tive index of 75% or higher based on a refractive index 
of the phosphor layer of the light -emitting particle. 

(6) The dielectric material phase of the light- 
emitting layer has a refractive index of 65% or higher 
based on a refractive index of the phosphor layer of the 

35 light-emitting particle. 

(7) The dielectric material phase of the light- 
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emitting layer has a refractive index of 75% or higher 
based on a refractive index of the phosphor layer of the 
light-emitting particle. In this case, the material of 
the dielectric material phase is not limited to an organ^ 
5 ic polymer and can be an inorganic material or an organ- 
ic-inorganic complex material (including nano-composite 
material) . 

(8) The back electrode is a. light-transmitting 
electrode, the back face sheet is a light -scattering, 

10 high refraction reflective sheet which comprises as main 
component a material having a refractive index of 80% or 
higher based on a refractive index of the phosphor layer 
of the electroluminescence light -emitting particle, and 
the refractive index of material placed between the 

15 electroluminescence light -emitting particles and the back 
face sheet is adjusted, whereby 40% or more of a light 
emitted by the electroluminescence light-emitting parti- 
cles toward a back side enters the back face sheet. 

(9) The back electrode is a light -transmitting 

20 electrode, the back face sheet shows a light- scat tearing 
reflective property, a light- scattering, high refraction 
layer comprising as main component a material having a 
refractive index of 80% or higher based on a refractive 
index of the phosphor layer of the electroluminescence 

25 light-emitting particle is placed between the front elec- 
trode and the front protecting film, and a refractive 
index of material placed between the electroluminescence 
light-emitting particles and the light-scattering, high 
refraction layer is adjusted, whereby 40% or more of a 

30 light emitted by the electroluminescence light -emitting 
particles toward a front side enters the light -scatter- 
ing, high refraction layer. 

(10) The particle size of the electroluminescence 
light -emitting particle is in the range of 30 ran to 5 fim. 

35 (11) A relationship between the radius of the elec- 

troluminescence light-emitting particle and the thickness 
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of the coating layer of the particle is as follows: 

(r-d) /r s (ng/rii) xl . 2 

5 wherein r is a radius of the light-emitting particle, d 
is the thictaaess of the coating layer, is a refractive 
index of the dielectric material layer of the light-emit- 
ting layer, and n x is a refractive index of the phosphor 
layer of the light -emitting particle. 
10 (12) The dielectric material particle inside of the 

electroluminescence light-emitting particle has a dielec- 
tric constant of three times or more the dielectric con- 
stant of the phosphor layer of the light -emitting parti- 
cle . 

15 (13) The phosphor layer of the electroluminescence 

light -emitting particle comprises a phosphor emitting a 
blue light, and there is placed a phosphor layer (which 
converts the blue light into green light, red light, or 
white light) between the light-transmitting front elec- 

20 trode and the light-transmitting front protecting film. 

(14) The phosphor layer of the electroluminescence 
light-emitting particle comprises phosphor emitting a ul- 
traviolet light, and there is placed a phosphor layer 
(which converts the ultraviolet light into blue light, 

25 green light, red light, or white light) between the 

light- transmitting front electrode and the light -trans- 
mitting front protecting film* 

(15) The phosphor layer placed between the light- 
transmitting front electrode and the light-transmitting 

30 front protecting film is a light-scattering phosphor lay- 
er. 

(16) The phosphor layer of the electroluminescence 
light-emitting particle conprises a phosphor emitting a 
blue light, a green light, an orange light, or a red 

35 light. 

(17) The phosphor layer of the electroluminescence 
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light -emitting particle comprises a phosphor emitting a 
white light* 

For the EL device of (III) above, the following 
embodiments are preferred. 
5 (1) The back electrode is a light -transmitting 

electrode, and the back face sheet shows a light -scatter- 
ing reflective property. 

(2) The dielectric material phase of the light- 
emitting layer has a refractive index of 65% or higher 

10 based on a refractive index of the phosphor layer of the 
light-emitting particle, 

(3) The dielectric material particle inside of the 
electroluminescence light -emitting particle has a dielec- 
tric constant of three times or more the dielectric con- 

15 stant of the phosphor layer of the light-emitting parti- 
cle. 

(4) The back electrode is a light -transmitting 
electrode, the back face sheet is a light- scattering 
reflective, high refraction sheet which comprises as main 

20 component a material having a refractive index of 80% or 
higher based on a refractive index of the phosphor layer 
of the elect roluminescence light -emitting particle, and 
the refractive index of material placed between the ligh- 
t-<emitting particles and the back face sheet is adjusted, 

25 whereby 40% or more of a light emitted by the electro- 
luminescence light -emitting particles toward a back side 
enters the back face sheet. 

(5) A refractive index of material placed between 
the light -emitting particles and the back face sheet is 

30 adjusted, whereby 70% or more of a light emitted by the 
electroluminescence light -emitting particles toward a 
back side enters the back face sheet. 

(6) Any of materials placed between the electro- 
luminescence light-emitting particles and the back face 

35 sheet have a refractive index of 80% or higher based on 
the refractive index of the phosphor layer of the light- 
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emitting particle. 

(7) The back electrode is a light- transmitting 
electrode, the back face sheet shows a light -scattering 
reflective property, a light-scattering, high refraction 
layer comprising as main component a material having a 
refractive index of 80% or higher based on a refractive 
index of the phosphor layer of the electroluminescence 
light -emitting particle is placed between the front elec- 
trode and the front protecting film, and a refractive 
index of material placed between the electroluminescence 
light -emitting particles and the light- scattering, high 
refraction layer is adjusted, whereby 40% or more of a 
light emitted by the electroluminescence light-emitting 
particles toward a front side enters the light-scatter- 
ing, high refraction layer. 

(8) A refractive index of material placed between 
the electroluminescence light-emitting particles and the 
light -scattering, high refraction layer is adjusted, 
whereby 70% or more of a light emitted by the electro- 
luminescence light-emitting particles toward a front side 
enters the light-scattering, high refraction layer. 

(9) Any of layers and materials placed between the 
phosphor layer of the electroluminescence light-emitting 
particles and the light-scattering, high refraction layer 
have a refractive index of 80% or more based on the re- 
fractive index of the light-emitting layer. 

(10) Any of layers and materials placed between the 
phosphor layer' of the electroluminescence light-emitting 
particles and the light-scattering, high refraction layer 
have a refractive index of 95% or more of the refractive 
index of the light -emitting layer. 

(11) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emitting a 
blue light, and there is placed a phosphor layer (which 
converts the blue light into green light, red light, or 
white light) between the light -transmitting front elec- 
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trode and the light -transmitting front protecting film. 

(12) The phosphor layer of the electroluminescence 
light -emitting particle comprises a phosphor emitting a 
ultraviolet light, and there is placed a phosphor layer 

5 (Which converts the ultraviolet light into blue light, 
green light, red light, or white light) between the 
light-transmitting front electrode and the light -trans- 
mitting front protecting film. 

(13) The phosphor layer placed between the front 
10 light-transmitting electrode and the light -transmitting 

front protecting film is a light -scattering phosphor lay- 
er. 

(14) The phosphor layer of the electroluminescence 
light -emitting particle comprises a phosphor emitting a 

15 blue light, a green light, an orange light, or a red 
light. 

(15) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emitting a 
white light* 

20 (16) The light -scattering, high refraction back face 

sheet comprises a ceramic material. 

(17) The light- scattering, high refraction back 

face sheet is a composite of a glass sheet and a light - 

sgattering, high refraction layer ♦ 
25 (18) There are placed a color filter layer and/or 

an ND filter layer between the light-transmitting front 

electrode and the light -transmitting front protecting 

film. 

For the EL device of (IV) above, the following em- 
30 bodiments are preferred, 

(1) An insulating material layer is placed between 
the electroluminescence light-emitting layer and the 
light-transmitting front electrode and/or the light- 
transmitting back electrode- 
35 (2) The light-scattering, high refraction layer 

comprises as main coitponent a material haying a refrac- 
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tive index of 95% or higher, based on a refractive index 
of the electroluminescence light- emitting layer , and a 
refractive index of material placed between the light - 
emitting layer and the light -scattering/ high refraction 
5 layer is adjusted, whereby 70% or more of a light emitted 
by the light-emitting layer toward a front side enters 
the light-scattering, high refraction layer. 

(3) The light- scattering, high refraction layer 
comprises as main component a material having a refrac- 

10 tive index of 99% or higher, based on a refractive index 
of the electroluminescence light-emitting layer, and a 
refractive index of material placed between the light- 
emitting layer and the light- scattering, high refraction 
layer is adjusted, whereby 85% or more of a light emitted 

15 by the light^emitting layer toward a front side enters 
the light -scattering, high refraction layer. 

(4) The non light- transmitting back face sheet 
showing light reflection by a light -scattering effect 
comprises a ceramic material* 

20 (5) The nan light -transmitting back face sheet 

showing light reflection by a light- scattering effect is 
a cortposite of a glass sheet and a light- scattering high 
refraction layer, 

(6) The electroluminescence light-emitting layer 
25 corrprises a phosphor emitting a visible light. 

(7) The electroluminescence light -emitting layer 
comprises two or more phosphor layers having different 
color hues from each other which are placed in areas 
separated from each other. 

30 (8) There are placed a color filter layer and/or an 

ND filter layer between the light -scattering, high re- 
fraction layer and the light - transmitting protecting 
film. 

(9) The electroluminescence light-emitting layer 
35 conprises a phosphor emitting a ultraviolet light, and a 
phosphor layer which absorbs the ultraviolet light and 



emits a visible light is placed on the front side of the 
light-scattering, high refraction layer. 

(10) The electroluminescence light -emitting layer 
comprises a phosphor emitting a ultra-violet light, and 
the light -scattering, high refraction layer is a light- 
scattering, high refraction layer which absorbs the ul- 
tra-violet light and emits a visible light. 

(11) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and there is 
placed a phosphor layer (which converts the blue light 
into green light, red light, or white light) on the front 
side of the light -scattering, high refraction layer. 

(12) The electroluminescence light -emitting layer 
comprises a phosphor emitting a blue light, and the 
light-scattering, high refraction layer is a light-scat- 
tering, high refraction phosphor layer which absorbs the 
blue light and emits green light, red light, or white 
light 

For the EL devices of (V) to (Vli) above, the fol- 
lowing embodiments are preferred. 

(1) An insulating material layer is placed between 
the electroluminescence light-emitting layer and' the 
light -transmitting front electrode and/or the light- 
transmitting back electrode. 

(2) A light- scattering, high refraction layer which 
comprises as main component a material having a refrac- 
tive index of 80% or higher based on a refractive index 
of the electroluminescence light-emitting layer is fur- 
ther placed between the light -transmitting front elec- 
trode and the front protecting film, and the refractive 
index of material placed between the light -emitting layer 
and the light-scattering, high refraction layer is ad- 
justed, whereby 40% or more of a light emitted by the 
electroluminescence light -emitting layer toward a front 
side enters the light -scattering, high refraction layer. 

(3) The light -scattering, high refraction layer 



comprises as main component a material having a refrac- 
tive index of 95% or higher, based on a refractive index 
of the electroluminescence light -emitting layer, and the 
refractive index of material placed between the light- 
emitting layer and the light- scattering, high refraction 
layer is adjusted, whereby 70% or more of a light emitted 
by the light -emitting layer toward a front side enters 
the light-scattering, high refraction layer. 

(4) The light-scattering, high refraction layer 
comprises as main component a material having a refrac- 
tive index of 99% or higher, based on a refractive index 
of the electroluminescence light -emitting layer, and the 
refractive Index of material placed between the light- 
emitting layer and the light -scattering, high refraction 
layer is adjusted, whereby 85% or more of a light emitted 
by the light-emitting layer toward a front side enters 
the light -scattering, high refraction layer. 

(5) The back face sheet is a light-scattering re- 
flective, high refraction sheet which comprises as main 
component a material having a refractive index of 95% or 
higher based on a refractive index of the electrolumines- 
cence light-emitting layer, and the refractive index of 
material placed between the light -emitting layer and the 
back face sheet is adjusted," whereby 70% or more of a 
light emitted by the electroluminescence light-emitting 
particles toward a back side enters the back face sheet. 

(6) The back face sheet is a light- scattering re- 
flective, high refraction sheet which comprises as main 
component a material having a refractive index of 99% or 
higher based on a refractive index of the electrolumines- 
cence light-emitting layer, and the refractive index of 
any material placed between the light-emitting layer and 
the back face sheet is adjusted, whereby 85% or more of a 
light emitted by the electroluminescence light -emitting 
particles toward a back side enters the back face sheet. 

(7) The back face sheet comprises ceramic material. 
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(8) The back face sheet is a composite of a glass 
sheet and a light -scattering, high refraction layer. 

(9) Hze elect roluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

5 (10) The electroluminescence light -emitting layer 

comprises two or more phosphor layers having different 
color hues from each other which are placed in areas 
separated from each other* 

(11) There are placed a color filter layer and/or 
10 an ND filter layer between the light-transmitting front 

electrode and the light -transmitting protecting film. 

(12) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra -violet light, and a 
phosphor layer absorbing the ultra-violet light and emit- 

15 ting a visible light is placed on the back side of the 
light- transmitting protecting film. 

(13) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, and a 
light-scattering phosphor layer absorbing the ultra-vio- 

20 let light and emitting a visible light is placed on the 
back side of the light -transmitting protecting film. 

(14) The electroluminescence light -emitting layer 
comprises a phosphor emitting a blue light, and a phos- 
phor layer absorbing the blue light and emitting a green 

25 light, a red light or a white light is placed on the back 
side of the light-transmitting protecting film, 

(15) The electroluminescence light -emitting layer 
comprises a phosphor emitting a blue light, and a light- 
scattering phosphor layer absorbing the blue light and 

30 emitting a green light, a red light, or a white light is 
placed on the back side of the light-transmitting pro- 
tecting film. 

(16) The electroluminescence light-emitting layer 
is a thin film phosphor layer, or a phosphor particle- 

35 dispersed layer comprising phosphor particles dispersed 
in a dielectric material layer having a refractive index 
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of 80% or higher based on the refractive index of the 
phosphor particle. 

For the EL device of (VIII) above, the following 
CTibodimeiits are preferred. 
5 (1) The diffuse reflectance of the back insulating 

material layer is 70% or higher, 

(2) The diffuse reflectance of the back insulating 
material layer is 90% or higher* 

(3) The thickness of the back insulating material 
10 layer is in the range of 10 to 100 jjlvci. 

(4) The electroluminescence light -emitting layer 
comprises a phosphor emitting a visible light. 

(5) The electroluminescence light -emitting layer 
comprises two or more phosphor layers having different 

15 color hues from each other which are placed in areas 
separated from each other, 

(6) There are placed a color filter layer and/or an 
ND filter layer between the light -transmitting front 
electrode and the light -transmitting protecting film. 

20 (7) The electroluminescence light -emitting layer 

comprises a phosphor emitting a ultra-violet light, and a 
phosphor layer absorbing the ultra-violet light and emit- 
ting a visible light is placed on the back side of the 
light-transmitting protecting film. 

25 (8) The electroluminescence light -emitting layer 

comprises a phosphor emitting a ultra-violet light , and a 
light- scattering phosphor layer absorbing the ultra-vio- 
let light and emitting a visible light is placed on the 
back side of the light-transmitting protecting film. 

30 (9) The electroluminescence light-emitting layer 

comprises a phosphor emitting a blue light , and a phos- 
phor layer absorbing the blue light and emitting a green 
light, a red light or a white light is placed on the back 
side of the light -transmitting protecting film, 

35 (10) The electroluminescence light -emitting layer 

comprises a phosphor emitting a blue light, and a light- 
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scattering phosphor layer absorbing the blue light and 
emitting a green light, a red light, or a white light is 
placed on the back side of the light-transmitting pro- 
tecting film. 

5 The constitutions of the above-mentioned electro- 

luminescence devices are described below in more detail, 
by referring to the attached drawings which illustrate 
their representative constitutions - 

In the present specification, the term of high re- 

10 fraction means that the refractive index is 80% or higher 
(preferably 95% or higher, trore preferably 99% or higher) 
based on the refractive index of the dielectric material 
phase in the light-emitting layer. The material or layer 
having the high refractive index means a material or a 

IS layer is a material or a layer having such a high refrac- 
tive index* 

Fig. 11 shows a representative constitution of the 
dispersion EL device of (I) above* The EL device com- 
prises a back light-transmitting electrode 32b, a light - 

20 emitting layer, a front light-transmitting electrode 32a, 
and a light-transmitting protecting film 37 (or* a wave- 
length-converting phosphor layer, a color filter layer, 
or their combination) laid on an opaque back face sub- 
strate 31b showing light -scattering reflection. The 

25 light-emitting layer comprises phosphor particles 33 
(particle size generally is in the range of 30 nm to 5 
fjxn, preferably 50 ran to 2 pern) dispersed in a dielectric 
material phase 35, and shows a light -scattering property* 
By applying an alternating voltage (several tens V 

30 to several hundreds V, frequency 30 Hz to 10 KHz, the 
waveform is optional but preferably is a sine wave) be- 
tween the light-transmitting electrode 32a arranged on 
the front side (lower side in the figure) and the light- 
transmitting back electrode 32b, the light -emitting layer 

35 emits a light under electric field. The emitted light is 
extracted through the front protecting film 37. There 
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may be provided various auxiliary layers between the 
layers of the EL device . Such modification can be ap- 
plied to the EL devices of the constitutions described 
below. 

5 Fig. 12 shows an alternative representative consti- 

tution of the dispersion EL device of (I) above. The EL 
device comprises a light-transmitting back electrode 32b, 
a light -emitting layer , a light -transmitting front elec- 
trode 32a, and a light-transmitting protecting film 37 

10 (or a wavelength-converting phosphor layer, a color fil- 
ter layer, or their combination) laid on an opaque back 
face substrate 31b showing light -scattering reflection. 
The light -emitting layer comprises complex phosphor par- 
ticles composed of phosphor particles 33 (particle size 

15 generally is in the range of 30 nm to 5 jum, preferably 50 
run to 2 /xm) coated with a coating layer 40 (layer thick- 
ness generally is in the range of 100 ran to several tens 
/zm) dispersed in a dielectric material phase 35 (prefera- 
bly comprising an inorganic material, or a complex mate- 

20 rial comprising inorganic fine particles placed in an 

organic material) , and shows a light -scattering property* 

Fig* 13 shows a representative constitution of the 
dispersion EL device of (II) above. The EL> device com- 
prises a light-transmitting back electrode 52b, a light - 

25 emitting layer, a light-transmitting front electrode 52a, 
and a light -transmitting protecting film 57 laid on a 
back light-reflecting layer (or light reflecting sub- 
strate) 51b . The light -emitting layer comprises complex 
phosphor particles cornposed of dielectric material cores 

30 (in the spherical foxm or in different form) 60b coated 
with a phosphor layer (thickness generally is in the 
range of 30 nm to 50 \m t preferably 50 nm to 2 fim) which 
is further coated with a coating layer 60a dispersed in a 
high dielectric constant -organic polymer phase 55, and 

35 shows a light -scattering property. 

By applying an alternating current between the 
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light-transmitting electrode 52a arranged on the front 
side (lower side in the figure) and the light -transmit- 
ting back electrode 52b, the light -emitting layer emits a 
light tinder electric field. The emitted light is ex- 
5 tracted through the front protecting film 57* 

The high dielectric constant -organic polymer em- 
ployed in the above-described constitution can' be a high 
dielectric constant -cyanoethylated cellulose resin 
(cyanoethylated cellulose, cyanoethylated hydroxycellu- 

10 lose, cyanoethylated pullulan, etc.) , and may comprise 
high dielectric constant -super fine particles (diameter: 
several nm to several /*m) of BaTiO^ SrTiQa, Ti0 2 , Y 2 Qj or 
the like dispersed in a polymer (having not so high di- 
electric constant) such as styrene resin, silicone resin, 

15 epoxy resin, or f luorinated vinylidene resin. 

Fig. 14 shows a representative constitution of the 
dispersion EL device of (III) above. The EL device com- 
prises a light -transmitting back electrode 52b having a 
high refractive index, a light-emitting layer, a light - 

20 transmitting front electrode 52a, and a light -transmit- 
ting protecting film 57 (or a wavelength- converting phos- 
phor layer, a color filter layer, or their combination) 
laid on a light -reflective, high refraction back layer 
(which may serve a substrate) 51b, The light -emitting 

25 layer comprises complex phosphor particles composed of 
spherical dielectric material core 60b coated with a 
phosphor layer 53 (layer thickness generally is in the 
range of 30 nm to 5 jum, preferably 50 nm to 2 jum) dis- 
persed in a high refraction, high dielectric constant 

30 medium phase 60c (preferably conprising an inorganic 
material, or a complex material comprising inorganic 
super- fine particles placed in an organic material) . 

Fig. 15 shows a constitution of the dispersion EL 
device of (IV) above. The EL device of Fig. 15 comprises 

35 a light-transmitting back electrode (ITO, thickness: 0.01 
*- 20 jum) 122b, a light-emitting layer comprising phosphor 
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particles dispersed and supported in a dielectric materi- 
al phase (thickness: 2-50 /xm, preferably 5-20 pan, 
different phosphors emitting lights of color hues of R, G 
and B are placed in divided areas) 123/ a -light- transmit - 
5 ting front high refraction electrode 122a, a light- scat- 
tering, high refraction layer (thickness 1-50 /im) 125, 
a color filter layer (R, G, B) 126, and a light -transmit- 
ting protecting layer 127 are arranged in order on (un- 
der, in Fig. 15) a high light -scattering reflective ce- 

10 ramie substrate (opaque back face sheet) 121 placed on 

the back side (side opposite to the side on which a light 
emitted in the device is extracted) . In the EL device of 
Fig. 15, the layers other than the ceramic substrate 121 
on the back side are essentially light -transmitting lay- 

15 ers or opaque layers capable of transmitting a certain 
amount of light. 

Hie opaque back face sheet 121 can comprise a glass 
sheet and an opaque layer laid on the glass sheet. 
By applying an alternating voltage between the 

20 light -transmitting electrode 122a arranged on the front 
side (lower side in the figure) of the dispersion EL 
device of Fig. 15 and the back electrode 112b, the light - 
emitting layer 123 emits a light under electric field. 
The .emitted light is extracted through the front protect- 

25 ing film 127. 

Fig. 16 shows another constitution of the dispersion 
EL device of (IV) above. The EL device of Fig. 16 com- 
prises a light -transmitting back electrode (ITO, thick- 
ness: 0.01 - 20 fim) 132b, a back insulating material 

30 layer (thickness: 0.3 - 100 fim) 134b, a light -emitting 
layer 133 conprising phosphor particles dispersed and 
supported in a dielectric material phase, a light- trans- 
mitt ing front electrode 132a, a light-scattering, high 
refraction layer (thickness 0.3 - 20 /zm) 135, a color 

35 filter layer (R, G, B) 136, and a light -transmitting 
protecting layer 137 are arranged in order on a high 
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light- scattering reflective ceramic substrate 131 placed 
on the back side. In the EL device of Pig. 16/ the lay- 
ers other than the ceramic substrate 131 on the back side 
are essentially light-transmitting layers or opaque lay- 
5 ers capable of transmitting a certain amount of light* 

Fig. 17 shows a further constitution of the disper- 
sion EL device of (IV) above. The EL device of Fig. 17 
comprises a light- transmitting back electrode (ITO, 
ttiickness: 0*01 - 20 /*m) 142b, a light -emitting layer 143 

10 comprising phosphor particles dispersed and supported in 
a dielectric material phase, a light -scattering/ high 
refraction, insulating material layer (thickness: 1-50 
fim) 145, a light-transmitting high refraction front elec- 
trode (thickness 0.01 - 20 tm) 142a, a color filter layer 

15 (R, G, B) 146, and a light-transmitting protecting layer 
157 are arranged in order on a high light -scattering 
reflective ceramic substrate 141 placed on the back side. 
In the EL device of Fig. 17, the layers other than the 
ceramic substrate 141 on the back side are essentially 

20 light -transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 

Fig. 18 shows a constitution of the dispersion EL 
device of (V) above. The EL device of Fig* 18 comprises 
a l.ight-transmitting back electrode having a high refrac- 

25 tive index (ITO, thickness: 0.01 - 20 jam) 222b, a light- 
emitting layer conprising phosphor particles dispersed 
and supported in a dielectric material phase (thickness: 
2-50 jum, preferably 5-20 urn, different phosphors 
emitting lights of color hues of R, G and B are placed in 

30 divided areas) 223, a light-transmitting front electrode 
222a, a color filter layer (R, G, B) 226, and a light- 
transmitting protecting layer 227 are arranged in order 
on a high light- scattering reflective, high refraction 
ceramic substrate (light -scattering reflective back face 

35 sheet having a high refractive index) 221 placed on the 
back side (side opposite to the side on which a light 
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emitted in the device is extracted) ♦ In the EL device of 
Fig. 18, the layers other than the high refraction ceram- 
ic substrate 221 on the back side are essentially light- 
transmitting layers or opaque layers capable of transmit - 
5 ting a certain amount of light. 

The light-scattering reflective, high refraction 
back face sheet 221 can comprise a glass sheet and a 
light -scattering, high refraction layer laid on the glass 
sheet . 

10 By applying an alternating voltage between the 

light -transmitting electrode 222a arranged on the front 
side (lower side in the figure) and the back electrode 
212b, the light-emitting layer 223 emits a light under 
electric field. Hie emitted light is extracted through 

IS the front protecting film 227, 

Fig. 19 shows a constitution of the dispersion EL 
device of (VI) above- The EL device of Fig. 19 comprises 
a light-transmitting, high refraction, back electrode 
(ITO, thickness: 0.01 - 20 /im) 232b, a high refraction, 

20 back insulating material layer (thickness: 0.3 - 50 /xxa) 
234, a light-emitting layer 233 corrprising phosphor par- 
ticles dispersed and supported in a dielectric material 
phase, a light-transmittixLg front electrode 232a, a color 
filter layer (R, G, B) 236, and a light -transmitting 

25 protecting layer 237 are arranged in order on a high 
light -scattering reflective, high refraction ceramic 
substrate 231 placed on the back side. In the EL device 
of Fig* 19, the layers other than the high refraction ce- 
ramic substrate 231 on the back side are essentially 

30 light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 

Fig. 20 shows a constitution of the dispersion EL 
device of (VII) above* The EL device of Fig. 20 compris- 
es a light- transmitting, high refract ion, back electrode 

35 (ITO, thickness: 0.01 - 20 fm) 242b, a light -emitting 
layer 243 comprising phosphor particles dispersed and 
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supported in a dielectric material phase, a high refrac- 
tion, front insulating material layer (thickness: 0,3-1 
ixm) 244a, a light -transmitting, high refraction front 
electrode (thickness: 0.01 - 20 fxm) 242a, a color filter 
5 layer (R, G, B) 246, and a light -transmitting protecting 
layer 247 are arranged in order on a high light -scatter- 
ing reflective, high refraction ceramic substrate 241 
placed on the back side. Also in the EL device of Fig. 
20, the layers other than the ceramic substrate 241 on 
10 the back side are essentially light-transmitting layers 
or opaque layers capable of transmitting a certain amount 
of light. 

Fig* 21 shows another constitution of the dispersion 
EL device of (V) above. The EL device of Fig. 21 com- 

15 prises a light- transmitting, high refraction back elec- 
trode (ITO, thickness: 0-01 - 20 /xm) 252b, a light-emit- 
ting layer 253 comprising phosphor particles dispersed 
and supported in a dielectric material phase, a light - 
transmitting front electrode (thickness: 0.01 - 20 jum) 

20 252a, a light -scattering, high refraction layer (thick- 
ness: 1-50 ixnx) 255, a color filter layer (R, G, B) 256, 
and a light -transmitting protecting layer 257 are ar- 
ranged in order on a high light -scattering reflective, 
high refraction ceramic substrate 251 placed on the back 

25 side. Also in the EL device of Fig. 21, the layers other 
than the ceramic substrate 251 on the back side are es- 
sentially light-transmitting layers or opaque layers 
capable of transmitting a certain amount of light . 

Fig. 22 shows another constitution of the dispersion 

30 EL device of (VIII) above. The EL device of Fig. 22 

comprises a back electrode (metal electrode or non light- 
transmitting electrode) 342 r a light -scattering reflec- 
tive, high refraction, insulating material layer having a 
diffusion reflectance of 50% or more (thickness: 10 - 100 

35 fm) 343 , a light -emitting layer comprising phosphor par- 
ticles dispersed and supported in a dielectric material 
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phase (thickness: 2-50 jum, preferably 5-20 fjm, dif- 
ferent phosphors eriutting lights of color hues of R, G 
and B are placed in divided areas) 344, a light -transmit- 
ting front electrode 346, a color filter layer (R, G, B) 
5 347, and a light -transmitting protecting layer 348 are 
arranged in order on a transparent or opaque substrate 
341 made of glass, metal or ceramic placed on the back 
side (side opposite to the side on which a light emitted 
in the device is extracted) . In the EL device of Fig* 

10 22, the layers other than the back substrate 341 , the 
back electrode 342 and the light -scattering reflective, 
high refraction, insulating material layer 343 on the 
back side are essentially light-transmitting layers or 
opaque layers capable of transmitting a certain amount of 

15 light. 

By applying an alternating voltage between the 
light- transmitting electrode 346 arranged on the front 
side (lower side in the figure) and the back electrode 
342, the light-emitting layer 344 emits a light under 

20 electric field. The emitted light is extracted through 
the front protecting film 348. 

Fig. 23 shows a constitution of a multi-color image- 
displaying dispersion EL device having a corqposite of 
pliaral light -emitting layers according to the invention. 

25 This EL device comprises a light-transmitting back elec- 
trode (ITO, thickness: 0.01 - 20 /im) 642a, a first light- 
emitting layer comprising phosphor particles dispersed 
and supported in a dielectric material phase (thickness: 
2-50 £tm, preferably 5-20 fxm, a phosphor emitting a 

30 light of a color hue of R, G, or B is uniformly placed) 
643, a high refraction, light -transmitting electrode 
642b, a second light-emitting layer comprising phosphor 
particles dispersed and supported in a dielectric materi- 
al phase (thickness: 2-50 pirn, preferably 5-20 /xm, a 

35 phosphor emitting a light of a color hue which differs 
from the color hue of the phosphor placed in the first 
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light-emitting layer is uniformly placed) 644, a high re- 
fraction, front light -transmitting electrode 642c, an 
insulating material layer (thickness: 0.3 - 100 fim) 645, 
a high refraction, back light-transmitting electrode 
5 642d, a third light-emitting layer comprising phosphor 
particles dispersed and supported in a dielectric materi- 
al phase (thickness: 2-50 urn, preferably 5 - 20 /mi, a 
phosphor emitting a light of a color hue which differs 
from the color hues of the phosphors placed in the first 
10 and second light -emitting layers are uniformly placed) 
646, a high refraction, front light -transmitting elec- 
trode 642e, a light- scattering, high refraction layer 
(thickness: i - 50 /an) 647, and a light-transmitting pro- 
tecting layer 648 are arranged in order on a ceramic 
15 substrate (opaque back face sheet) 641 showing a high 

light -scattering reflection placed on the back side (side 
opposite to the side on which a light emitted in the 
device is extracted) . In the EL device of Fig. 23, the 
layers other than the back ceramic substrate 641 are es- 
20 sentially light-transmitting layers or opaque layers 
capable of transmitting a certain amount of light. 

In the dispersion EL device of Fig. 23, the light- 
emitting layer 643 emits a light under electric field, by 
applying an alternating voltage between the light-trans - 
25 mitting electrode 642a and the light -transmitting elec- 
trode 642b. in the same way, the light-emitting layer 
644 emits a light under electric field, by applying an 
alternating voltage between the light-transmitting elec- 
trode 642b and the light -transmitting electrode 642c, and 
30 the light-emitting layer 646 emits a light under electric 
field, by applying an alternating voltage between the 
light-transmitting electrode 642d and the light -transmit- 
ting electrode 642e. By applying the alternating voltage 
in an optional way, the desired light-emission is taken 
35 from the front protecting film 648 through the light- 
scattering, high refraction layer 647. 
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There may be provided an Insulating material layer 
between each light -emitting layer (phosphor layer) and 
the light -transmitting electrode. The EL device can have 
various auxiliary layers such as a buffer layer between 
5 the provided layers. These variations can be adopted in 
the various EL devices described below. 

The opaque back face sheet 641 can be composed of a 
glass sheet and an opaque layer provided on the glass 
sheet. 

10 Fig. 24 shows another constitution of a multi-color 

image-displaying dispersion EL device having a composite 
of plural light -emitting layers according to the inven- 
tion. This EL device conprises a light-transmitting back 
electrode (ITO, thickness: 0.01 - 20 jam) 652a, a first 

15 light-emitting layer comprising phosphor particles dis- 
persed and supported in a dielectric material phase 
(thickness: 2-50 ^m, preferably 5-20 fxm, a phosphor 
emitting a light of a color hue of R, G, or B is uniform- 
ly placed) 653, a light-transmitting, high refraction 

20 electrode 652b, a second light -emitting layer comprising 
phosphor particles dispersed and supported in a dielec- 
tric material phase (thickness: 2-50 /*m, preferably 5 - 
20 /*m, a phosphor emitting a light of a color hue which 
differs from the color hue of the phosphor placed in the 

25 first light-emitting layer is uniformly placed) 654, a 
light-transmitting, high refraction electrode 652c, an 
insulating material layer (thickness: 0.3 - 100 fim) 655, 
a light- transmitting, high refraction back electrode 
652d, a third light -emitting layer coirprising phosphor 

30 particles dispersed and supported in a dielectric materi- 
al phase (thickness: 2-50 jum, preferably 5-20 /xm, a 
phosphor emitting a light of a color hue which differs 
from the color hues of the phosphors placed in the first 
and second light-emitting layers is uniformly placed) 

35 656, a light -transmitting, high refraction front elec- 
trode 652e, and a light-transmitting protecting layer 658 
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are arranged in order on a high refraction ceramic sub- 
strate (light-scattering reflective, high refraction 
sheet) 651 showing a high light -scattering reflection 
placed on the back side (under the back side in Fig, 24) * 
5 Also in the EL device of Fig. 24, the layers other than 
the high refraction, back ceramic substrate 651 are es- 
sentially light -transmitting layers or opaque layers 
capable of transmitting a certain amount of light* 

In the dispersion EL device of Fig. 24, the light - 

10 emitting layer 653 emits a light under electric field, by 
applying an alternating voltage between the light -trans- 
mitting electrode 652a and the light-transmitting elec- 
trode 652b, In the same way, the light -emitting layer 
654 emits a light tinder electric field, by applying an 

15 alternating voltage between the light- transmitting elec- 
trode 652b and the light-transmitting electrode 652c, and 
the light-emitting layer 656 emits a light under electric 
field, by applying an alternating voltage between the 
light-transmitting electrode 652d and the light ^ transmit - 

20 ting electrode 652e. By applying the alternating voltage 
in an optional way, the desired light-emission is taken 
from the front protecting film 658. The light emitted 
toward the back side by each light-emitting layer is 
reflected with scattering by the light refraction back 

25 ceramic substrate 651 and a portion of the reflected 
light is taken from the front protecting film 658. 

The light -scattering reflective, high refraction 
sheet 651 can be composed of a glass sheet and a light- 
scattering, high refraction layer having a high light - 

30 scattering reflection provided on the glass sheet. 

Fig, 25 is a graph indicating a light extraction 
efficiency from parallel planes which explains the en- 
hancement of a emission efficiency in the electrolumi- 
nescence device of the invent ion ♦ In more detail, a 

35 relationship between a refractive index ratio (n^iiz) and 
the extraction efficiency tj in the- case that a light is 
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extracted in a layer having a refractive index from a 
light -emitting layer having a refractive index n % is ex- 
pressed by the graph of Fig. 25. The extraction effi- 
ciency tj decreases by 30%, 42%, and 55% in the case that 
5 the difference of refractive index is 5%, 10%, and 20%, 
respectively* The graph indicates the case, in consider- 
ation of a single surface of the light -emitting layer. 
In the case that a light advances both sides of the 
light-emitting layer and the light advancing on one side 
10 only is extracted, the extraction efficiency decreases to 
a half, unless no reflection on the opposite side is 
considered. 

Materials and sizes of the substrate and various 
layers constituting the above -described electrolumines- 

15 cence devices are described below. 

[Opaque substrate showing light -scattering reflection] 
Representative examples of the opaque substrates 
showing light -scattering reflection are ceramic sub- 
strates. Examples of materials of the ceramic substrates 

20 include Y;A, Ta 2 O s , BaTa 2 0 6 , BaTiOg, Ti0 2 , Sr(Zr,Ti)Q3, 
SrTia>, PbTi0 3/ A1;A, Si 3 N 4 , ZnS # Zr0 2 , PbNbOj, and 
Pb(Zr,Ti)Q3. Alternatively, a transparent substrate such 
as glass sheet or a metal substrate coated with a light - 
scattering reflective layer can be employed. The light - 

25 scattering reflective layer can be prepared from the 
materials of the below-mentioned insulating material 
layer and the matrix components of the below-mentioned 
phosphors, provided that the materials and components 
have essentially no light absorption in the utilized 

30 wavelength region. The structure is prepared by forming 
areas (voids or particles having submicron level to sev- 
eral micron level) having different refractive indexes in 
the interior of the layer. The ceramic substrate can be 
prepared by heating a screen-printed material to form a 

35 sintered material - 
[Glass substrate] 



-56- 

The representative examples are non-alkaline glass 
sheets (sheets of barium borosilicate glass and alurnino- 
silicate glass) . 

[Light -scattering reflective layer] 
5 The light -scattering reflective layer can be pre- 

pared from the materials of the below-mentioned insulat- 
ing material layer and the matrix components of the be- 
low-mentioned phosphors, provided that the materials and 
components have essentially no light absorption in the 

10 utilized wavelength. The structure is prepared by form- 
ing areas (voids or particles having submicron level to 
several micron level) having different refractive indexes 
in the interior of the layer. 
[Light -transmitting electrode] 

15 There are mentioned ITO, 2nO;Al, complex oxides 

(described in JP-A-10-190028) , GaN materials (described 
in JP-A-6-150723) , analn^, (Zn,Cd,Mg)0- (B,Al,Ga, In,Y) 2 (V 
(S^Ge.S^PbAi.ZrjO^ (2n,Gd,Mg)0- (B,Al,Ba, In,Y) 2 Q3~ 
(Si,Sn,Pb)0, material comprising MgO-lnsA, Sn0 2 mate- 

20 rials (described in jp-A-8-262225, JP-A-8-264022, and JP- 
A-8-264023) . 

[Phosphors in the light -emitting layer] 

UV (W light -emitting phosphor) : ZnF 2 :Gd 
B (blue light -emitting phosphor) : BaAl 2 S 4 :Eu, 
25 CaS:Pb, SrS:Ce, SrS:Cu, CaGa 2 S 4 :Ce 

G (green light -emitting phosphor): (Zn,Mg)S:Mn, 
ZnS:Tb,F, Ga 2 0 3 :Mn 

R (red light-emitting phosphor): (Zn,Mg)S:Mn, 
CaS:Eu, ZnS:Sm,F, Ga 2 0 3 : Cr 
30 [Material for coating phosphor particle] 

There can be mentioned Y 2 0^ f Ta 2 0 5 , BaTa 2 0 6 , BaTiQs, 
TiOa, Sr(Zr,Ti)0 3 , SrTiQs, PbTiOj, Al 2 0 3/ Si 3 N 4 , ZnS, Zr0 2 , 
PbNbOa, and Pb(Zr / Ti)0 3 . It is preferred that the materi- 
al has a high dielectric constant and high resistance to 
35 dielectric breakdown, and forms an interfacial level on 
the phosphor particle surface to serve as an electron- 
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supplying source. The material can be light-scattering 
material such as a sintered material, provided that the 
layer does not prominently decrease the dielectric con- 
stant of the layer. 
5 [Material for insulating material layer and insulating 
material phase of light -emitting layer] 

(1) A high dielectric constant organic polymer such 
as high dielectric constant cyanoethylated cellulose 
(e.g., cyanoethylated cellulose, cyanoethylated hydroxy- 

10 cellulose, and cyanoethylatated pullulan) , or a disper- 
sion of high electric constant fine particles (diameter: 
several nm to several /jm) such as particles of BaTiO,, 
SrTiOj, Tio 2 or Y 2 Oj dispersed in a an organic polymer 
having a relatively low dielectric constant, such as sty- 

15 rene resin, silicone resin, epoxy resin, or fluorinated 
vinylidene resin. 

(2) Y 2 p„ Ta 2 (^, BaTa 3 0 6 , BaTi0 3 , TiOj, Sr(Zr,Ti)0 3/ 
SrTiQj, PbTiQj, Al 2 0„ Si 3 N 4 , ZnS, ZrOa, PbNbQj, and 
Pb(Zr,Ti)Oj. It is preferred that the material has a high 

20 dielectric constant and high resistance to dielectric 

breakdown. The light- scattering property can be given by 
employing a material which has a refractive index differ- 
ing from the refractive index of the phosphor particle 
(or. the dielectric material -coated phosphor particle), or 

25 forming areas (voids or particles having submicron level 
to several micron level) having different refractive in- 
dexes in the interior of the layer. 
[Light-transmitting, high refraction electrode] 

The materials described above as the material for 

30 the light-transmitting electrode can be employed under 
the condition that the materials have a refractive index 
equivalent to or higher than the refractive index of the 
dielectric material phase in the light-emitting layer. 
[Light-scattering, high refraction layer] 

S5 The materials described above as the material for 

the light-scattering reflective layer can be employed 
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under the condition that the materials have a refractive 
index equivalent to or higher than the refractive indexes 
of the light-emitting layer and intermediate layer (s) , 
[msulatiiig material layer] 
5 There can be mentioned Y 2 0 3 , Ts^Os, BaTa 2 0 6 , BaTi0 3 , 

TiQa, Sr(Zr,Ti)Oj, SzTiOj, PbTiOj, Al 2 Q>, Si 3 N 4 , ZnS, ZrQ 2 , 
PbNbQj, and Pb{Zr,Ti)03. It is preferred that the materi- 
al has a high dielectric constant and high resistance to 
dielectric breakdown.. The material can be light -scatter- 
10 ing material such as a sintered material, provided that 
the layer does not prominently decrease the dielectric 
constant of the layer. 
[Buffer layer] 

It is preferred that the material has a refractive 
15 index equivalent to or higher than the refractive indexes 
of the light -emitting layer and intermediate layer (sK 
[Front phosphor layer] 

Blue light (B) -emitting phosphor: 

Excitable by UV: Sr^O^Eu, Sr 5 (P0 4 ) 3 Cl:Eu, 
20 SrS:Ce, SrGa 2 S 4 :Ce, CaGaaS^Ce 

Green light (G) -emitting phosphor: 

Excitable by UV: BaMg-jAl^O^ : Eta , Mn, ZnS:Tb 
Excitable by blue light: Y3Al 5 0 12 :Ce 
, Red light (R) -emitting phosphor: 
25 Excitable by UV: Y(FV)0 4 , YV0 4 :Eu, ZnS:Sm, 

(Ca,Sr)S:Eu 
Excitable by blue light: (Ca,Sr)S:Eu 
liight- scattering layer (W) ; 

Excitable by blue light: Same as those for the 
30 production of the light-scattering 

reflective layer 
[Cblor filter layers {R, B, G) ] 

a color face plate for CRT, a light-conversion ele- 
ment plate for duplication, a filter for mono-tube color 
35 television, a filter for flat liquid crystal panel dis- 
play, a filter for color solid imaging device, those de- 
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scribed in JP-A-8-20161 
[Protecting film] 

light-transmitting film having a thickness of i to 
50 fim, which may be provided with such functions as anti- 
reflection, anti-staining property and anti-static prop- 
erty. Multi-layered protecting film can be employed. 



